Background: Desmoid tumors are uncommon and benign mesenchymal neoplasms. The optimal treatment of patients with desmoid tumors is still controversial. Surgery is the primary treatment for locally invasive or recurrent desmoid tumors. Also, radiotherapy is a treatment option for patients at high risk for local failure such as those with positive margins or recurrent and unresectable tumors. Aims: To report our institutional experience and longterm results of patients with desmoid tumors who received radiotherapy. Study Design: Retrospective cross-sectional study. Methods: Between 1980 and 2009, 20 patients who received radiotherapy (RT) in our institution were analyzed. The majority of patients (80%) were referred with a recurrent tumor after previous surgery. Thirteen patients underwent marginal resection, 4 had wide local excision and 3 patients had only biopsy. Resection margin was positive in 15 (75%) patients. All patients received radiation therapy. The median prescribed dose was 60 Gy. Five patients received less than 54 Gy. Results: The median follow-up time was 77.5 months (28-283 months). Nine patients developed local recurrence after RT. Seven local failures (78%) were in field. Time to local recurrence ranged from 3-165 months (median 33 months). The 2-5 year local control (LC) rates were 80% and 69%, respectively. On univariate analysis, the 5 year local control rate was significantly better in the patients treated with ≥54 Gy than in patients who received <54 Gy (p=0.023). The most common acute side effect was grade 1-2 skin toxicity. As a late side effect of radiotherapy, soft tissue fibrosis was detected in 10 patients and lymphangitis was seen in 1 patient. One patient developed radiation-induced sarcoma. Conclusion: According to our results, radiotherapy is especially effective in recurrent disease and provides a high local control rate in the patients received more than 54 Gy.
Desmoid tumor or aggressive fibromatosis are characterized as monoclonal fibroblastic proliferations and originate from deep mesenchymal tissues (1) . It is a rare non-malignant soft tissue neoplasm. (2, 3) . The etiology of the disease is unknown, but trauma, postsurgical scar, endocrine and genetic causes are being considered as possible risk factors for the development of desmoid tumors (3, 4) . Desmoid tumors have a wide spectrum of heterogeneity in clinical attitude, but they usually have an infiltrative growth and locally aggressive behavioral pattern, and do not distantly metastasize (2, 5, 6) . These tumors have been classified as intermediate grade sarcomas since they are locally invasive and local recurrence rates are very high after wide local resection (7, 8) .
The optimal management of desmoid tumors is still controversial. Classically, surgical excision is the main treatment modality for locally invasive or recurrent desmoid tumors. On the other hand, while this tumor has deep infiltration and is nonencapsulated, resection with a negative surgical margin is generally impossible (7) . Also, they spread along the fascial planes. A high local recurrence rate is reported in several studies (9) (10) (11) (12) . Therefore, in the retrospective studies, radiotherapy (RT) has been suggested for its local control benefits. It reduces the incidence of local recurrence for these patients and it may control unresectable disease (13, 14) . Concurrently, some authors have reported a wait and see policy for stable and asymptomatic lesions, while others have recommended chemotherapy or systemic therapy for unresectable lesions (2, 7, 15, 16) .
In this study, we reported our institutional experience and the long-term results of patients with desmoid tumors who received radiotherapy.
MATERIALS AND METHODS
Between 1980 and 2009, 25 patients referred to our institution with the diagnosis of desmoid tumor. Twenty of them who received radiotherapy were retrospectively reviewed. Patients' characteristics, treatment details and results and long-term follow-up were evaluated. Twelve patients were female and 8 patients were male. The median age was 29 years (10-80 years) and 7 patients were under 18 years-old. The location of the tumors were as follows: lower extremities in 9 patients, upper extremities in 4 patients, thoracic wall in 4 patients, retroperitoneal regions in 2 patients and neck in 1 patient. Mean tumor size was 9 cm (3-19 cm). Ten (50%) of the tumors were ≥10 cm at the largest point. Sixteen patients (80%) were referred with recurrent tumor after previous surgery, eight patients were referred to us after the second, 3 after the third and 5 after the fourth recurrence. Among the 20 patients, 13 patients underwent marginal resection, 4 had wide local excision and 3 patients had only biopsy. Resection margin was positive in 15 (75%) patients.
Two patients with unresectable tumor received definitive RT. Only one patient had preoperative RT as limb sparing surgery was difficult and the patient did not agree to amputation. Seventeen patients had postoperative RT. Eighteen patients were treated with sole external beam radiotherapy (EBRT). In one patient, brachytherapy was used as a boost (30 Gy) after 36 Gy external RT. Brachytherapy was used as a primary treatment modality (46 Gy) in one case. Most of the patients were irradiated by 2 dimension (D) plans with two parallel opposing beams. RT portals included the full tumor extent and/or surgical incision or tumor bed with a margin to 2 cm radial and 5 cm longitudinal directions. Seven patients were treated using 3D techniques. After 2000, the clinical target volume (CTV) included the gross tumor volume or tumor bed with a 2 cm margin for the radial and 3-5 cm in the upper and lower directions and was adapted to anatomic barriers. The planning target volume was created by giving a 1 cm margin to CTV. External RT was delivered with Co-60 (Cis. Bio. Int., Gif sur Yvette, France) or 4-15 MV linear accelerator (GE Medical Systems, Buc, France). The median total RT dose was 60 Gy (range, 40-64 Gy) in 1.8-2.0 Gy daily fractions. Five patients received less than 54 Gy. Patient characteristics and treatment details are summarized in Table 1 .
All patients were followed-up regularly with a physical examination every 3-6 months for 5 years and yearly thereafter. CT or MRI of the involved region were repeated every 3-6 months for 2-3 years, then every 6 months up to 5 years and annually thereafter. Further investigative studies were done according to the patients' complaints. Local failure was confirmed by a biopsy sample. Recurrent disease was defined as in field or out of field. Statistical analysis was performed using the SPSS software program (Version 16.0, IBM, New York, USA). Local control rate was estimated using the Kaplan-Meier method. Time to local recurrence was calculated from the last day of radiotherapy to date of relapse. Univariate analysis on locoregional control was evaluated by using the log-rank test. Statistically, p values level <0.05 were considered significant. Multivariate analysis was not performed because of the small sample size of this study. Acute and late side effects of radiotherapy were recorded and graded according to the Radiation Oncology Group (RTOG) acute and late morbidity scoring criteria. Since this was a retrospective analysis, our institutional board was informed before the analysis, which was conducted in accordance with the principles of the deceleration of Helsinki and the rules of Good Clinical Practice. National rules do not require ethical committee approval to be obtained for retrospective studies. Also, written informed consent was obtained from all patients who participated in this study.
RESULTS
The median follow-up of all patients was 77.5 months (range: 28-283 months). Nine patients (45%) developed local recurrence. Time to local recurrence ranged from 3-165 months (median 33 months). The local control (LC) rate at 2 years was 80% and at 5 years was 69%. Eight of the 9 patients had positive surgical margins. Seven recurrences (78%) were in field, while 2 were out of radiation field. Four of the 5 patients who received less than 54 Gy had in-field recurrences. Eight local failures (89%) occurred in patients with extremity lesions.
All patients with local relapse underwent salvage surgery and 2 of them had amputations. Three of the 9 patients underwent external re-irradiation and 3 patients were treated with brachytherapy. Systemic treatment was given to patients who had more than one recurrence. Two patients were treated with chemotherapy and two patients had Tamoxifen (Mylan Pharmaceuticals Inc. Morgantown, U.S.A.). However, 3 patients relapsed more than 2 times after salvage treatment. These patients were re-operated upon. Six patients were followed without evidence of disease; 3 patients were lost to follow-up, two after 2 years, and one after 1 year. Details of patients who developed recurrence are summarized in Table 2 .
On univariate analysis, the 5 year local control rate was significantly better for the patients irradiated with ≥54 Gy than for patients irradiated with <54 Gy (p=0.023). Tumor size, tumor site and presentation status were not significantly associated with local control. The LC rate at 5 years was 80% in patients with a negative surgical margin and 53% in patients with positive surgical margins. However, the difference was not statistically significant (p=0.16) ( Table 3) .
The most common radiation-related acute side effects were skin effects. Grade 1 acute dermatitis occurred in 55% of the patients and 7 patients had grade 2 acute dermatitis. As a late side effect of radiotherapy, soft tissue fibrosis was detected in 10 patients and lymphangitis was seen in 1 patient. One patient developed radiation-induced sarcoma after 14 years and underwent an amputation. During follow-up, two patients died of non-tumor-related causes (metastatic renal cell cancer and cardiac failure).
DISCUSSION
Desmoid tumors are histologically benign but locally aggressive neoplasms. It is a heterogeneous disease and has various different biological behaviors. It infiltrates adjacent tissues and may lead to symptoms due to deformation and organ dysfunction. The management of desmoid tumors is controversial and the optimal therapy is still not clear (3, 5, 7) .
Complete surgical resection is usually the standard treatment in patients with resectable desmoid tumors, especially in extraabdominal desmoid tumors. However, it is not always possible to perform wide local excision (17, 18) . The local recurrence rate is still high after resection alone due to its infiltrative pattern. Some investigators have reported a recurrence rate of 20-90% in literature (9) (10) (11) (12) .The reason for the high rate of local relapse is still unclear but surgical resection margin is thought to be the most effective factor. In several studies, it has been reported that positive surgical margin significantly influences local recurrence rates, while others have not demonstrated any association (19) (20) (21) . In a retrospective series, the probability of recurrence was reported to be 20-30% in patients with a negative resection margin, and 50-90% after incomplete surgical resection (21, 22) . In our study, LC rate was superior for patients with negative surgical margins than positive margins (80% vs 53%); however, the difference was not significant, which may be related to the small and unbalanced sample size. There are some series showing considerable correlation between tumor localization and surgical margin (21, 22) .
Several prognostic factors such as age, gender, tumor location and tumor size have been reported to play a role in the local control of the disease in literature (10, 16, 23, 24) . In the study by Melis et al. (21) , extremity lesions were associated with an increased recurrence. The local control rate was better in axial tumors than extremity tumors (86% vs. 62%) in our series; however, the results were not statistically significant (p=0.17). Also, the literature reported that desmoids were rare in the young and in the elderly. In our study, the median age was 29 years and 7 patients were under 18 years old. However, we could not show any association between tumor size, tumor site, presentation, age and prognosis.
Radiotherapy is another treatment modality for desmoid tumors but its efficiency is controversial (14, 24, 25) . It has been used both in the primary setting for inoperable tumors or in the adjuvant setting after inadequate surgery. In the Rare Cancer Network database, it has been reported that when radiotherapy was applied alone and combined with surgery, local control rates were better than surgery alone. The administration of radiotherapy after surgery was an independent positive prognostic factor for local control and progression-free survival (6) . The most recently published meta-analysis and the review by Nuyttens also showed that surgical resection alone had a higher local recurrence rate compared to radiotherapy alone or surgery with radiation. According to the meta-analysis, the best local control was ensured by a combined surgery and radiation (9, 18) .
In Nuyttens' review, including 22 retrospective studies, it was demonstrated that the recurrence rates significantly decreased if radiotherapy was added postoperatively, especially in cases with positive margin after surgery. Postoperative radiotherapy was effective for both primary and recurrent disease (9) . In this study, 80% of the patients presented with recurrence and underwent radiotherapy for recurrent disease. The 5 year local control rate was 67% in patients who referred us after recurrence and 75% in patients treated for primary tumors (p=0.92).
At present, to ensure local control, the optimal dose of radiation is not known. There is a little evidence for a dose-response relationship. In retrospective series, the suggested dose was 50 to 55 Gy for subclinical or gross disease (26 (20) . Nuyttens and colleagues reported that 102 patients were treated by sole radiotherapy with 50-60 Gy and local control rate was 78% (9) . In the multicentric, prospective phase II EORTC (62991) trial which was the first prospective study for this issue, 44 patients with inoperable disease of primary, recurrent or incompletely resected lesions received 56 Gy. They reported that the 3 year LC rate was 81.5%. Acute and late side effects were acceptable (27) . In our series, the only significant factor for local control was radiotherapy dose. The local control rate was better for patients who received an RT dose ≥54 Gy than for patients who received <54 Gy. The 5 year local control rate in patients received ≥54 Gy was 79%, which is comparable with the literature. Currently, some investigators also suggested an observation for stable and asymptomatic lesions since it has a slowly growing pattern and/or may spontaneously regress (7, 15, 16, 23) . In a recently published study, the authors declared that approximately 50% of patients with desmoid tumors benefit from non-aggressive treatment approaches. They suggested a wait and see policy at the beginning and then medical treatment if appropriate. If there is progression, surgery and/or RT should be the subsequent choice. Therefore, the unnecessary complications of radiotherapy and surgery may be avoided (25) (26) (27) . Others have recommended chemotherapy or systemic therapy (such as hormonal therapy, non-steroidal anti-inflammatory therapy or targeted therapy) in patients with advanced unresectable tumors or recurrent disease after surgery and/ or radiotherapy. However, there has been no controlled randomized trial in this setting. The influence of chemotherapy in the treatment of the desmoid tumors is unclear and limited (2, 7, 18, 28) . However, some retrospective series and the French sarcoma group study demonstrated good outcomes with chemotherapy (29) . On the other hand, hormonal therapy is the most commonly used non-cytotoxic chemotherapy mentioned in the literature. There are reports that desmoids tumors are responsive to anti-estrogen treatment. It is considered that there is relationship between sex steroid hormone, especially estrogen and tumor growth in some of the desmoids, as they are seen in young women during pregnancy. Recently, Deyrup et al. (30) demonstrated that extra-abdominal desmoid tumors express estrogen receptor-β (ER-β). That may play a role in the clinical activity of anti-estrogen treatment. In our study, due to tumor recurrence, 2 patients were treated with chemotherapy and 2 patients received Tamoxifen. Stable response was obtained in all patients after the treatment.
In summary, surgery is still the primary treatment modality for patients with resectable desmoid tumors. Adjuvant radiotherapy is required for incomplete resection. According to our results, radiotherapy is especially beneficial in recurrent disease. We observed a higher local control rate with the use of a radiotherapy dose more than 54 Gy. In the future, understanding the etiology and molecular pathogenesis of desmoid tumors may change the treatment decisions such as a nonaggressive approach (wait and see policy, systemic therapy or targeted therapy). 
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